from 0% to 33% and that the positive-predictive value among women for whom a biopsy examination was recommended ranged from 6% to 92% across radiologists. That study indicated profound variation in the interpretive performance of diagnostic mammography across radiologists; however, some of this variation may be due to differences in patient or radiologist characteristics.
Radiologists who specialize in breast imaging and facilities with at least one radiologist who has high interpretive volume have been shown to have better interpretative performance of diagnostic mammography ( 3 , 4 ) . Better performance has also been associated with such system-level variables as availability of information about clinical symptoms ( 5 ) , comparison with previous examinations ( 6 ) , and performance of additional imaging workup ( 7 ) . Except for the study by Jensen et al. ( 4 ) , which included all facilities in Denmark, these studies were limited to a few radiologists (i.e., 10 or fewer) from a single facility. In addition, these studies did not adjust for important patient characteristics other than age ( 8 ) .
High sensitivity is critical for mammography performed to evaluate a breast problem because it can reduce delays in diagnosis among women with later-stage, clinically manifested disease. However, false-positive rates tend to rise along with sensitivity, and it is important to control the number of false-positive examinations because these lead to potentially unnecessary biopsy examinations that are associated with patient morbidity and high fi nancial cost. Achieving high sensitivity for detecting breast cancer with acceptable false-positive rates of biopsy examination is an important performance goal in diagnostic breast imaging. The purpose of this study was to evaluate whether radiologist experience and practice characteristics are associated with the interpretive performance of diagnostic mammography.
Subjects and Methods

Study Population
The following three mammography registries that are part of the National Cancer Institute -funded Breast Cancer Surveillance Consortium ( 9 ) ( http://breastscreening.cancer.gov ) contributed data for this study: Group Health, a nonprofit integrated health care organization with headquarters in Seattle, WA; the New Hampshire Mammography Network, which captures approximately 90% of mammograms performed in New Hampshire; and the Colorado Mammography Program, which captures approximately 50% of mammograms performed in the Denver metropolitan area. These registries collect patient demographic and clinical information each time a woman receives a mammography examination at a participating facility. This information was then linked to regional cancer registries and pathology databases to determine cancer outcomes. Data from the registries were pooled at a single location for analysis.
Radiologists who interpreted mammograms at a facility contributing to any of the three registries were invited to participate in a mailed survey in early 2002 by use of survey methods described previously ( 10 ) (questionnaire is available online, Supplementary  Fig. 1 ). Of the 139 radiologists who responded to the survey (77% response rate), we excluded three who did not interpret diagnostic mammograms performed to evaluate a breast problem during the study period; four who self-reported interpreting fewer than 500 mammograms annually because requirements of the Mammography Quality Standards Act require radiologists to interpret approximately this volume per year; and nine who were missing information on one or more of the key variables of interest (years of experience, affi liation with an academic medical center, percentage of time spent on breast imaging, number of mammograms interpreted, percentage of mammograms interpreted that were diagnostic, number of breast biopsy examinations performed, and breast density on all the mammograms that they interpreted). The fi nal study sample included 123 radiologists from 72 facilities. The Institutional Review Boards associated with the study sites approved all study activities.
We limited this study to 35 895 diagnostic mammograms indicated by the radiologist as being performed for the evaluation of a breast problem (clinical sign or symptom of breast cancer) from January 1, 1996, through December 31, 2003. We did not include mammograms performed for additional diagnostic evaluation after a screening examination or for short-interval follow-up of a probably benign fi nding. We excluded mammograms performed on women with breast augmentation, reduction, or reconstruction and on women younger than 18 years. Mammograms obtained after 2003 were excluded to ensure adequate time for ascertainment of cancers diagnosed within 365 days of the mammogram ( 11 ) .
Measurements
The radiologist survey included questions about demographic characteristics (age and sex), experience (years of mammography interpretation, fellowship training in breast imaging, percentage
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Although high variability has been reported in the interpretive performance of screening mammography, less is known about variability in diagnostic mammography.
Study design
Multifacility retrospective study of the performance of 123 radiologists who interpreted more than 35 000 diagnostic mammographic examinations. The influence of radiologist characteristics on sensitivity and the false-positive rate were modeled by use of Bayesian hierarchical logistic regression.
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Downloaded from https://academic.oup.com/jnci/article-abstract/99/24/1854/2522207 by guest on 21 January 2019 of time working in breast imaging in the prior year, and total number of mammography examinations interpreted in the prior year), and clinical practice characteristics in the prior year (affiliation with academic medical center, percentage of mammograms interpreted that were diagnostic, and the number of breast biopsy examinations performed). Survey responses were independently entered into the database by two individuals at each mammography registry. Radiologists' survey responses were linked to their interpretive performance obtained from their respective mammography registries by use of an encrypted study identifier. Information on patient characteristics collected at the time of the mammography examination included patient age, Breast Imaging Reporting and Data System (BI-RADS) mammographic breast density ( 12 ) , time since last mammography examination, and selfreported presence of a breast lump (possibly found by patient selfexamination or by a clinician during a breast examination). We also obtained the radiologists' BI-RADS assessment and recommendation ( 12 ) and information on whether invasive breast cancer or ductal carcinoma in situ was diagnosed within 1 year of the mammogram. Mammography examinations given a fi nal BI-RADS assessment of 4 (i.e., suspicious abnormality) or 5 (i.e., highly suggestive of cancer) at the end of the imaging workup were considered to be positive ( 12 ) . A fi nal BI-RADS assessment of 0 (i.e., needs additional imaging evaluation) with a recommendation for biopsy examination, fi ne-needle aspiration, or surgical consultation was also considered to be positive. We classifi ed as negative those mammograms given a fi nal BI-RADS assessment of 1 (i.e., negative), 2 (i.e., benign fi nding), 3 (i.e., probably benign fi nding), or 0 without a recommendation for biopsy examination, fi ne-needle aspiration, or surgical consultation. Women were considered to have breast cancer if invasive carcinoma or ductal carcinoma in situ was diagnosed within 1 year of the mammography examination. Sensitivity was defi ned as the percentage of positive examinations among women diagnosed with breast cancer. The false-positive rate was defi ned as the percentage of positive examinations among women without a breast cancer diagnosis.
Statistical Analysis
We calculated unadjusted sensitivity and false-positive rates separately for each radiologist and by the characteristics of the women and radiologists. We calculated the median, range, and interquartile range (IQR) of the unadjusted rates across radiologists, restricting to radiologists who interpreted at least 10 mammograms, so that we could obtain reasonably precise estimates. Performance measures were also calculated by radiologist characteristics with adjustment for patient age, BI-RADS mammographic breast density (categories: almost entirely fatty, scattered fibroglandular tissue, heterogeneously dense, or extremely dense), time since last mammogram ( < 1 year, 1 to < 3 years, ≥ 3 years, or no previous mammography), self-reported presence of a breast lump, and mammography registry. We calculated 95% confidence intervals (CIs) by use of generalized estimating equations ( 13 ) with an exchangeable correlation structure to account for correlation among multiple mammograms interpreted by the same radiologist. Because only four radiologists had fellowship training, we did not report performance separately for this group.
The association between the performance measures and radiologist characteristics were examined in multivariable models that adjusted for patient age, mammographic breast density, time since last mammogram, self-reported presence of a breast lump, and mammography registry. Because of the collinearity between radiologist age and years of mammography interpretation, only the latter was included in the multivariable models.
To take into account the trade-off between sensitivity and falsepositive rate, we jointly modeled the sensitivity (the probability of a positive mammogram among women with cancer) and the falsepositive rate (the probability of a positive mammogram among women without cancer) as a function of radiologist characteristics with a binary hierarchical receiver operating characteristic (ROC) model ( 14 ) with a logit (logarithm of the odds) link ( 15 ), adjusting for patient age, mammographic breast density, time since last mammography examination, and mammography registry. We included separate radiologist-specifi c random effects for sensitivity and false-positive rate. These random effects represent latent radiologist-level effects that account for residual differences in each radiologist ' s sensitivity and false-positive rate after adjusting for all covariates in the model. We defi ned accuracy as the coefficient corresponding to the interaction between cancer status and the covariate under study, which is a measure of whether the effect of the covariate on sensitivity is different from the effect on the false-positive rate, on the logit scale ( 14 , 16 ) . A group of radiologists was considered to be more accurate if they had a higher sensitivity without a corresponding increase in false-positive rate of the same magnitude (on the logit scale) or if they had a lower false-positive rate without a corresponding decrease in sensitivity of the same magnitude.
We were interested in whether the variability in performance among radiologists is associated with any characteristics of radiologists (e.g., if more experienced radiologists are less variable in their interpretations than less experienced ones). In addition, regression coeffi cients from hierarchical logistic regression models may be biased if the variation of the random effects depends on covariates ( 17 , 18 ) . Therefore, we modeled the standard deviation of the radiologist-specifi c random effects distributions as a function of radiologist characteristics by use of a log link ( 15 ) .
A fully Bayesian approach was taken, and models were fi t by use of WinBUGS software ( 19 ) . We used vague prior distributions in which we assumed that the ROC model coeffi cients were normally distributed with a mean of zero and a prior variance of 100 000 and that the coeffi cients in the model for the standard deviation were uniformly distributed between zero and 10. For each model, we ran three chains (i.e., separate simulations) with different starting values to ensure convergence to same values. We ran each chain for 20 000 samples and discarded the fi rst 5000 samples for burn-in (to allow the sampler to reach convergence). Along with estimates of the odds ratios (ORs) that were based on the posterior modes from the samplers, we report Bayesian 95% highest posterior density credible intervals (BPCIs), which provide a measure of precision similar to traditional (or frequentist) confi dence intervals ( 20 ) .
We display the results of the hierarchical modeling for sensitivity and false-positive rates by plotting the observed (unadjusted) rates for each radiologist (model 1) and the rates after each of the following three different levels of adjustment: in model 2, adjustments were made for registry and correlation within radiologists; in model 3, adjustments were made for patient characteristics (age, breast density, time since last mammography examination, and self-reported presence of a lump) in addition to the adjustments made in model 2; and in model 4, adjustments were also made for radiologist characteristics in addition to the adjustments made in model 3. Thus, each model was built on the prior model. All rates were adjusted to the overall distribution of covariates in the study population. The rates for each radiologist were connected by a line to illustrate how the individual rates change after these different levels of adjustment. One radiologist who only interpreted one mammogram was excluded from these fi gures because his or her false-positive rate was not meaningful.
All tests of statistical signifi cance are two-sided. An ␣ level of .05 was used to determine statistical signifi cance.
Results
Our study included 123 radiologists from 72 facilities who interpreted 35 895 diagnostic mammography examinations performed on 32 587 women for the evaluation of a breast problem from January 1, 1996, through December 31, 2003. Of these examinations, 1424 (40 per 1000 mammography examinations) were associated with a breast cancer diagnosis within 1 year. The number of radiologists per facility ranged from 1 to 23, with a median of seven; the number of mammograms per facility ranged from 1 to 2828, with a median of 210. Over the study period, radiologists interpreted a median of 208 diagnostic mammography examinations (range = 1 -1249; IQR = 90 -445), of which a median of eight (range = 0 -77; IQR = 3 -17) were associated with a breast cancer diagnosis within 1 year.
Characteristics for the 123 radiologists in this study are shown in Table 1 . The median age of radiologists was 49 years (range = 34 -70 years), most (96 radiologists or 78%) were male, and most (94 radiologists or 76%) had been interpreting mammography for at least 10 years. Only four (3%) of the radiologists had fellowship training in breast imaging, all of whom had less than 10 years of experience interpreting mammography. Most radiologists (107 or 87%) spent less than 40% of their time working in breast imaging, and 32 (26%) of the 123 radiologists interpreted 1000 mammograms or fewer in the year before the survey. The primary appointment of seven radiologists (6%) was at an academic medical center. For 114 (93%) radiologists, less than half of the mammograms that 
Patient Characteristics and Performance of Diagnostic Mammography
Characteristics of women included in this study and the associated sensitivity and false-positive rates among these women are shown in Table 2 . Most women were younger than 60 years and had a prior mammography examination within the previous 2 years. A breast lump was reported by 937 (66%) women with breast cancer compared with 16 546 (48%) women without breast cancer. The sensitivity of diagnostic mammography increased with increasing age and decreasing mammographic breast density and was higher among women who had not received a mammography examination within 3 years and among women with a self-reported breast lump. The false-positive rate was higher among women with denser breasts and among women with a self-reported breast lump. Neither patient age nor time since last mammography examination showed any consistent trends with the false-positive rate.
Variability in Mammography Accuracy Among Radiologists
Among the 54 radiologists who interpreted at least 10 mammograms that were associated with a cancer diagnosis, the median sensitivity was 79% (range = 27% -100%; IQR = 70% -86%). Among the 118 radiologists who interpreted at least 10 mammograms that were not associated with a cancer diagnosis, the median false-positive rate was 4.3% (range = 0% -16%; IQR = 2.4% -5.8%). Some of the observed variability may likely be attributed to radiologists who used different thresholds for recommending a biopsy examination because sensitivity generally increases with increasing false-positive rate. However, sensitivity varied widely even among radiologists with similar false-positive rates ( Fig. 1 ) . The normalized partial area under the summary ROC curve was 0.80 across the observed range of false-positive rates when we assumed a constant accuracy among radiologists and varied the threshold for recall ( 21 , 22 ) .
Radiologist Characteristics and Diagnostic Mammography Performance
The sensitivity and false-positive rates by radiologist characteristics, both unadjusted and adjusted for patient age, mammographic breast density, time since last mammogram, reported presence of a breast lump, and mammography registry, are shown in Fig. 2 . In general, most of the radiologist characteristics that were examined were associated with a change in threshold for interpreting an examination as abnormal. This change in threshold is shown in Fig. 2 as a shift in the same direction for both sensitivity and falsepositive rate. For example, increasing years of experience interpreting mammography examinations were associated with a higher threshold for calling an examination abnormal, resulting in lower sensitivity (for <10 years of mammography interpretation, 82%, 95% CI = 74% to 88%; for 10 -19 years, 77%, 95% CI = 73% to 81%; and for ≥ 20 years, 72%, 95% CI = 65% to 78%) as well as a lower false-positive rate (for <10 years of mammography interpretation, 5.9%, 95% CI = 4.8% to 7.1%; for 10 -19 years, 4.3%, 95% CI = 3.7% to 4.9%; and for ≥ 20 years, 3.6%, 95% CI = 2.9% to 4.4%). In contrast, radiologists who had a primary affiliation with an academic medical center had a lower threshold for calling an examination abnormal, resulting in a higher sensitivity (88%, 95% CI = 77% to 94%, versus 76%, 95% CI = 72% to 79%) and a higher false-positive rate (7.8%, 95% CI = 4.8% to 12.7%, versus 4.2%, 95% CI = 3.8% to 4.7%). Radiologists spending 20% or more of their time on breast imaging had higher sensitivity (80%, 95% CI = 76% to 83%, versus 70%, 95% CI = 64% to 75%) with increased false-positive rates (4.6%, 95% CI = 4.0% to 5.3%, versus 3.9%, 95% CI = 3.3% to 4.6%). Similarly, radiologists who performed breast biopsy examinations, compared with those who did not, had higher sensitivity (78%, 95% CI = 75% to 81%, versus 69%, 95% CI = 60% to 76%) and higher false-positive rates (4.7%, 95% CI = 4.2% to 5.3%, versus 3.3%, 95% CI = 2.6% to 4.2%). Neither the total number of mammography examinations interpreted in the prior year nor the percentage of mammograms that were diagnostic was associated with sensitivity or false-positive rate. Associations between radiologist characteristics and measures of mammography performance, after adjusting for the other radiologist characteristics, patient characteristics, and mammography registry, are shown in Fig. 3 . Radiologists who had interpreted mammography for less than 10 years had a lower threshold for recalling women than those with more experience, which resulted in statistically signifi cantly higher false-positive rates (OR = 1.27, 95% BPCI = 1.00 to 1.56) with a similar but not statistically signifi cant increase in sensitivity (OR = 1.26, 95% BPCI = 0.77 to 2.16) and no difference in accuracy (OR = 1.00, 95% BPCI = 0.62 to 1.72). Radiologists who spent 20% or more of their time in breast imaging had a statistically signifi cantly higher sensitivity than those spending less than 20% of their time in breast imaging (OR = 1.60, 95% BPCI = 1.05 to 2.44), with a smaller and not statistically signifi cant increase in false-positive rate (OR = 1.17, 95% BPCI = 0.92 to 1.51) and a non -statistically signifi cant increased accuracy (OR = 1.37, 95% BPCI = 0.89 to 2.07). Radiologists with a primary appointment at an academic medical center were statistically signifi cantly more likely to detect breast cancer when it was present (i.e., had higher sensitivity, OR = 5.41, 95% BPCI = 1.55 to 21.51) than other radiologists, with a smaller but statistically signifi cantly increased false-positive rate (OR = 1.73, 95% BPCI = 1.05 to 2.67) and a borderline statistically signifi cant improvement in accuracy (OR = 3.01, 95% BPCI = 0.97 to 12.15). Radiologists who performed breast biopsy examinations had a lower threshold for recalling patients than those who did not perform breast biopsy examinations, which resulted in a statistically signifi cantly higher sensitivity (OR = 1.62, 95% BPCI = 1.05 to 2.78), a statistically signifi cantly higher false-positive rate (OR = 1.43, 95% BPCI = 1.11 to 1.87) and no difference in accuracy (OR = 1.16, 95% BPCI = 0.74 to 1.88). Neither annual interpretive volume nor the percentage of mammograms that were diagnostic was statistically signifi cantly associated with sensitivity or false-positive rate.
Radiologists who worked at least 20% of their time in breast imaging showed less variability than those who spent less time in breast imaging in their false-positive rates (ratio of standard deviations of the radiologist-specifi c effects = 0.50, 95% BPCI = 0.26 to 0.93). None of the other radiologist characteristics were statistically signifi cantly associated with the variability of the radiologistspecifi c effects for either sensitivity or false-positive rate. Fig. 4 shows the observed sensitivity and false-positive rates of the study radiologists and the sensitivity and false-positive rates after three levels of adjustment. Substantial variation among radiologists remained even after full adjustment, with adjusted sensitivity ranging from 61.2% to 80.5% and adjusted false-positive rates ranging from 2.6% to 8.3%.
Discussion
We found considerable variation in the interpretive performance of diagnostic mammography that was not explained by the characteristics of the patients whose mammograms were interpreted. Because the rate of breast cancer is 10-fold higher among diagnostic mammograms than among screening mammograms ( 2 , 8 ) and the majority of women with breast cancer have a physical sign or symptom at the time of diagnosis ( 23 -30 ) , this variability in interpretive performance is concerning and likely affects many women both with and without breast cancer.
When examining the interpretive performance of mammography, it is important to distinguish differences in accuracy from differences in interpretive performance that result from the threshold that radiologists tend to use to consider an examination to be abnormal. For example, radiologists could increase their detection of cancer (sensitivity) by lowering their threshold for considering an examination to be abnormal, which would result in more false-positive examinations in addition to more truepositive examinations. Alternatively, radiologists could raise their thresholds for considering an examination to be abnormal, which would result in fewer false-positive and true-positive examinations. It is not inherently clear which of these strategies is better because this decision would depend on the extent to which detection of cancer is valued over limiting false-positive examinations. In contrast, a more accurate radiologist who is more skilled at mammography interpretation would be more successful in distinguishing cancer from the absence of cancer. Such a radiologist would have either higher sensitivity without a corresponding higher false-positive rate or a lower false-positive rate without a corresponding lower sensitivity. Therefore, both differences in threshold and differences in accuracy may be important. For diagnostic mammography, we suggest that it is particularly important to maximize sensitivity even at the expense of higher false-positive rates because the pretest probability of cancer is higher in diagnostic mammography than in screening mammography ( 3 ).
To distinguish changes in threshold from changes in accuracy, we used a binary ROC approach that modeled accuracy as the interaction between cancer status and covariates, on the logit scale. This model is equivalent to the hierarchical approach proposed by Rutter and Gatsonis ( 21 ) with the scale parameter set to 1.0. This constraint results in a symmetric radiologist-specifi c ROC curve (when both radiologist-specifi c effects equal zero) and a constant accuracy effect across the range of false-positive rates. Because cancer is uncommon, the statistical power for detecting changes in false-positive rate will always be higher than the power for detecting changes in sensitivity and accuracy (which involves an interaction with cancer status). Thus, we believe that it is important to evaluate the point estimates and absolute differences in sensitivity and false-positive rates in addition to the statistical signifi cance because even large accuracy effects that are clinically relevant may fail to reach statistical signifi cance.
In our study, the strongest predictor of improved accuracy of diagnostic mammography interpretation was having a primary affi liation with an academic medical center. Radiologists with a primary academic affi liation had much higher sensitivity, with a smaller increase in the false-positive rate and, as a result, a borderline statistically signifi cant improvement in our overall accuracy. Some caution must be taken when interpreting these results, however, given that only seven radiologists in our study had a primary academic affi liation. In addition, it is possible that academic radiologists may see a different patient population with a different pretest probability of having breast cancer. For example, they may be more likely to receive referrals and second opinions. Although our study indicates that academic radiologists may be better at detecting cancer, they represent a small proportion of radiologists in the United States who interpret mammograms. Academic radiologists interpret only 6.5% of mammograms across the nation ( 31 ). We also found some evidence that a concentration in breast imaging may lead to improved performance, with those working at least 20% of their time in breast imaging and those who perform breast biopsy examinations having higher sensitivity than other radiologists. These results are consistent with two smaller studies that found breast-imaging specialists had higher cancer detection rates for diagnostic mammography ( 3 , 32 ) . We hypothesize that working in a teaching environment and actively participating in the follow-up of their studies might enable radiologists to better learn whether specifi c lesions refl ect cancer.
Consistent with several previous studies of screening mammography ( 10 , 16 , 33 , 34 ) , we found that radiologists who had been interpreting mammography for many years tended to have a higher threshold for considering a diagnostic examination to be abnormal (i.e., lower false-positive rates but also lower sensitivity) than less experienced radiologists. Perhaps radiologists with more experience tend to recognize and avoid recall of the types of lesions that they have found to be benign in the past. Alternatively, more recent training may emphasize efforts to increase sensitivity at the cost of increased false-positive rates. We found it interesting that two measures of experience -years of practice and percentage of time spent on breast imaging -had different impacts on the threshold for recommending a biopsy. More years of interpreting mammography examinations was associated with a higher threshold, whereas more time spent in breast imaging was associated with a lower threshold. Defi ning radiologist experience is complex, and it is diffi cult to isolate a single characteristic as most important.
We found that interpretive volume was not associated with either the sensitivity or false-positive rate of diagnostic mammography; however, we used a self-report measure of interpretive volume with only three categories. Jensen et al. ( 4 ) found higher sensitivity for diagnostic mammography among facilities in Denmark that had at least one high-volume radiologist than other facilities. They did not fi nd a consistent trend between the overall facility volume and performance, but they did not look at the association between radiologist volume and their individual performance. The infl uence of interpretive volume on screening mammography performance has recently received much attention ( 1 , 10 , 16 , 35 -38 ) , but confl icting study fi ndings have defi ed consensus on this issue. Studies differed in the methods used for measuring interpretive volume as well as the performance indices and statistical methods used. More research is needed to understand the implications of the different methodologies used. In addition, we need to develop more accurate measures of both short-and long-term interpretive volume.
Our study has several possible limitations. First, although we studied many radiologists (n = 123) from many facilities (n = 72) in three geographically diverse regions, our study population represents a small percentage of radiologists working in breast imaging and of mammography facilities in the United States. As a result, some of our subgroups were small, possibly limiting the generalizability of the results. For example, only seven radiologists had their primary affi liation with an academic medical center and only four radiologists had fellowship training in breast imaging. Second, we relied on self-reported measures of clinical experience and practice from radiologists. Although, for most of these measures, selfreports should be accurate, some measures, such as interpretive volume, should be validated in future studies. Third, mammography examinations may not be designated as being diagnostic in a standardized way across radiologists and use of BI-RADS among radiologists differs ( 39 -44 ) ; however, we used standardized defi nitions developed and approved by the national Breast Cancer Surveillance Consortium.
Our study also has several strengths. We were able to examine interpretive performance in clinical practice without having to rely on test sets, in which measures of performance might not refl ect actual clinical performance. We obtained detailed standardized clinical information for each patient, so that we were able to adjust radiologist measures of interpretive performance for differences in patient characteristics. Last, breast cancer outcomes were obtained on essentially all women, allowing us to identify the false-negative examinations accurately and therefore to calculate sensitivity.
Interest has been expressed in creating specialized regional breast imaging centers of excellence in the United States, in which experienced and high-volume breast-imaging specialists could provide multidisciplinary and coordinated breast cancer care ( 1 ).
Although our study supports this idea in that it suggests that such specialists might have relatively high sensitivity and low falsepositive rates, it may not be a feasible option in rural areas in which community hospitals or imaging facilities must provide all radiology services, including mammography, and cannot afford to specialize in breast imaging. In fact, the vast majority of mammograms in the United States are interpreted by general radiologists who interpret mammograms as a small percentage of their practice ( 31 ) . To realistically improve mammography interpretation for women across the United States, we need to identify ways to improve accuracy and reduce variability among all radiologists who interpret mammography. Research on specifi c continuing medical education strategies in mammography, such as the American College of Radiology's Mammography Interpretive Skills Assessment ( 45 ), have not been rigorously evaluated, and so it is not known whether these programs are associated with improved interpretive performance. Academic detailing, in which experts in the fi eld spend time with clinicians one-on-one or in small groups to review complex cases and improve techniques, has been successfully used in many areas other than mammography to change the behavior of physicians in practice ( 46 -48 ) . Future research should focus on the impact of different educational interventions, such academic detailing, interactive case-based education, double reading, and direct feedback on radiologists' interpretive performance via audit data, so that efforts can be made to improve the overall accuracy of mammography interpretation.
